Two faba bean cultivars were studied for Orobanche (Orobanche crenata, forsk) tolerance. A greenhouse experiment was conducted using two Egyptian faba bean (V. faba L.) cultivars infected by Orobanche crenata in a pot trial. Results of the control plants (without Orobanche infection) and infected plants (with or without Orobanche attachment) proved that Giza 3 was the susceptible cultivar and G.843 was tolerant which had the lowest Orobanche tubercles per plant. Spectrophotometer was used to assess total protein, peroxidase and polyphenoloxidase activity extracted from faba bean roots and shoots. SDS-PAGE of roots and shoots extracts and isozymes-electrophoreses were used to assess the genetic expression of the two faba bean cultivars according to their banding patterns.
INTRODUCTION
Since the dawn of civilization, legumes together with cereals have been fundamental to the development of modern agriculture providing protein in human diet, edible oils and fodder and forage for animals. Faba bean (Vicia faba L.) is one of the oldest legume crops mainly grown for human and animal dietary needs. Like other legumes, faba bean contributes to sustainable agriculture by fixing atmospheric nitrogen in symbiosis with the bacteria rhizobia. This unique ability reduces the dependence of farmers on extensive use of chemical fertilizers and hence, protecting soil and water quality. In addition, legumes play a critical role in crop rotation, improving soil physical conditions and decreasing the amount of diseases and weed populations which in turn leads to lower consumption of herbicides and fungicides. Large-scale production of faba bean has been historically hindered by low and unstable yields as well as by susceptibility to several diseases (Duc 1997 and Knott, 1997) .
The genus Vicia comprises a number of species ranging from 180 to 210 that are distributed throughout the temperate zone (Hanelt and Mettin 1989) . At the level of morphological variation, genus Vicia is divided into several sections (Hanelt 1972) .
Biotic stresses cause severe problems for faba bean production. The parasitic weed broomrape (Orobanche crenata) is a yield-limiting factor in some fields, in which it could wipe out the crop (Saber et al. 1998) . The infested area in Behera governorate, Egypt, for instance, was estimated to be 65.5% with total yield loss of about 19,000 tons (Zaitoun et al. 1991) . Broomrapes (Orobanche spp.) are parasitic weeds that have a devastating effect on many important crops (Cubero 1983) .The seedlings attach to the root system of the host plant, establish a connection with the vascular system of the host via a specialized organ (haustorium) and deprive the host of water, mineral nutrients and metabolites (Parker and Riches 1993) .
Developing cultivars that resist biotic stresses is one of the major goals of breeding programs of faba bean. Molecular markers can help these programs by tagging the important traits, helping in screening the genotypes and selecting them throughout the course of breeding programs (Elcio et al. 2007 ). Many years after its first use, polyacrylamide gel electrophoresis continues to play a major role in the experimental analysis of proteins and protein mixtures. Polyacrylamide gel electrophoresis (PAGE) is still the most widespread form of the technique, since it offers sufficient resolution for most situations coupled with ease of use and the ability to process many samples simultaneously for comparative purpose (Hames 1990) . Protein banding patterns were efficiently used to Evaluation of Gene Expression for Orobanche Tolerance in Faba bean (Vicia faba L.) identify genotypes. Some protein markers were found to be related to some economic traits that are very valuable in crop breeding.
Isozymes studies were conducted mainly on Vicia faba varities where resistance of faba bean to Orobanche crenata was accompanied by high activity of peroxidase and polyphenol-oxidase isozymes (Kirollos and Abdel-Hafees 1985) and also on Orobanche (Verekleij et al. 1986 and Verekleij et al. 1991) . On the contrary, the isozymes studies on resistance to different diseases found that this trait was accompanied by low activity of peroxidase and polyphenol oxidase (Lurie et al. 1997 and El-Badawy 2000) .
Gene expression studies with parasitic plants were performed with the targeted gene approach mainly based on the knowledge already gained from other plant stress studies. This allows identifying of a handful of genes involved in plant defense against parasitic plants. Promoter fusion experiments in tobacco showed that the activation of the isoprenoid and phenylpropanoid pathways, induce two defense related metabolic pathways, in response to O. aegyptiaca infection (Griffitts et al. 2004) . These investigations also targeted the protein-related (PR) genes (PR-1) that are linked to the systemic acquired resistance (SAR) showing the induction of PR-1b (Joel and Portnoy 1998) but not PR-1a (Griffitts et al. 2004 ) during the tobacco -O. aegyptiaca interaction.
This study aimed to identify tolerant and susceptible faba bean cultivars to Orobanche infection,to study the effect of Orobanche infection on faba bean cultivars using SDSprotein and some isozymes electrophoreses and to estimate their expression level.
MATERIALS AND METHODS

Plant materials:
Two faba bean (V. faba L.) cultivars; Giza 843 (G.843) and Giza 3 (G.3) were supplied by Leguminous Crops Research Department (LCRD), whereas, Orobanche crenata seeds were kindly donated by Weed Research Laboratory, Field Crops Research Institute Agricultural Research Center (ARC), Giza, Egypt.
Methods: Pot experiments:
The effect of faba bean infection by Orobanche crenata was studied in pot experiments in a greenhouse maintained at 20±5°C. Faba bean plants were grown eight to ten seeds per pot. Seeds were mixed with 0.5g (about 90,000 seeds) of Orobanche crenata seeds collected during the previous season from plants parasitizing faba bean according to the method described in Rubiales et al. (2004) and (2006) . Each cultivar was represented by 60 pots (15 for control, 45 with Orobanche treatment) in a completely randomized block design. Seventy to ninety days after sowing, the faba plants were removed from the pots; the roots were gently washed with tap water and numbers of attached Orobanche crenata tubercles with faba cultivars were counted per plant.
Determination of crude protein:
Nitrogen content was determined in the digested solution (with concentrated sulphuric acid) by modified micro kjeldahl method as described by Plummer (1971) . Nitrogen content was multiplied by a factor of 6.25 to obtain the crude protein content.
Determination of peroxidase enzyme activity:
Six root discs of 10 mm in diameter were removed from both sides of each cultivar adjacent to the infected area of each root or from the same area of uninfected roots. Enzyme activity was expressed as changes in absorbance per minute per gram of root fresh weight at 470 nm using spectrophotometer model Unicam -810 (Zurich, Switzerland) according to Reuveni et al. (1992) .
Determination of polyphenoloxidase enzyme activity:
Enzyme activity was expressed as changes in absorbance per minute per gram of root fresh weight at 495 nm using spectrophotometer model Unicam -810 (Zurich, Switzerland) according to El-Bassiouny et al. (2005) .
SDS-protein electrophoresis:
Sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS-PAGE) was used to study the protein banding patterns of the two cultivars (Control and Orobanche treatments). Protein fractionation was performed on vertical slab (16.5 cm x 18.5 cm x 0.2 cm), Hoefer E600, Amersham Pharmaciabiotech according to the method of Laemmli (1970) as modified by Studier (1973) .
Isozymes electrophoresis:
Native-polyacrylamide gel electrophoresis (Native-PAGE) was conducted according to Stegemann et al. (1985) to identify isozymes variations between control and Orobanche treatment of the two cultivars using two isozymes systems; peroxidase and polyphenyl-oxidase.
After electrophoresis, gels were stained according to their enzyme systems with the appropriate substrate and chemical solutions and then incubated at room temperature in dark for complete staining.
For peroxidase; benzidine-dihydrochloride HCl and glacial acetic acid (0.125 gm and 2.000 ml) and distilled water up to 50 ml. Gel was placed into this solution and 5 drops of hydrogen peroxide was added. The gel was incubated at room temperature until bands appear (Brown 1978) .
For polyphenyloxidase; 100 ml of sodium phosphate buffer 0.1M at pH 6.8, 15 mg cathecol and 50 mg sulfanillic acid were used. The Gel was placed into this solution and incubated at 30°C for 30 min until bands appeared.
RESULTS AND DISCUSSION
Performance of faba bean cultivars under Orobanche infection:
A greenhouse experiment was conducted in pots using two Egyptian faba bean cultivars under infection of Orobanche crenata comparing with control (without infection). Infected plants were taken from the pots to examine the presence of tubercles (with tubercles) or absence (without tubercles). The results indicated that G.843 can be considered as Orobanche tolerant cultivar, while G.3 was susceptible cultivar.
Total protein:
Spectrophotometer was used to determine the total protein values, extracted from faba bean roots. 
Peroxidase activity:
The results of peroxidase activity % are diagramed in Figure ( 2), Giza 3 roots gave 99%, 96% and 94% in the control, without Orobanche attachment and with Orobanche attachment, respectively. At the same time, peroxidase activity of Giza 843 roots exhibited 90%, 92% and 98% in the control, without Orobanche attachment and with Orobanche attachment, respectively.
Polyphenoloxidase activity:
Polyphenoloxidase activity % of Giza 3 roots were 97%, 90% and 84% in the control, without Orobanche attachment and with Orobanche attachment, respectively. However, polyphenol-oxidase of Giza 843 roots showed activity of 89%, 91% and 97% in the control, without Orobanche attachment and with Orobanche attachment, respectively, (Figure 3 ).
Both systems are known to be extensively involved in cell activities and may reflect Orobanche injury on both tolerant and sensitive faba bean cultivars; this may explain the inverted effects in activity of both the tolerant and susceptible cultivars, they are also known to play a role in wound healing in plants, thus their activity in tolerant and/or susceptible cultivars may reflect their ability to deal with the parasite historian invasion.
The previous results indicated that the total protein values and enzymes activity % of peroxidase and polyphenoloxidase decreased in Orobanche attachment compared with the control in the susceptible cultivar G-3. At the same time, these values increased in Orobanche attachment in the tolerance G-843 which agreed with El- Bassiouny et al. (2005) ; Thoiron et al. (2005) ; Elbadry et al. (2006) and ElTayeb and Ahmed (2007) who reported that peroxidase and other enzymes activities of many cultivars were influenced by biotic stresses.
Molecular genetic studies:
SDS-PAGE of root proteins and isozymes electrophoreses of roots and shoots were used to assess the gene expression of the two faba bean cultivars under Orobanche infection.
SDS-protein electrophoresis:
The electrophoretic banding patterns of proteins extracted from the roots of the two faba bean cultivars; Giza-3 and Giza-843 under control and infection with Orobanche crenata are shown in Figure (4) and their densitometric analysis are illustrated in Table (1) . Infected plants showed Orobanche attachment of Orobanche (with tubercles) or did not show these Orobanche attachments (without tubercles). The presence and absence of bands were assessed as (1) and (0), respectively. The results of SDS-PAGE revealed a total number of 16 bands with molecular weights (MW) ranged from about 19 to 70 kDa, the disappearance of some bands in this study could be attributed to induction of infection.
The two cultivars showed different patterns in presence of bands Figure (4) and Table (1). Bands number 2 and 6 at MW of 47 and 37 kDa, respectively, appeared in Giza-3 and its infection only. On the contrary, bands number 1, 4, 8, 12 and 15 at MW of 70, 39, 33, 24 and 20 kDa, respectively, were present in Giza-843 and its infection only. At the same time, bands number 3, 11 and 13 at MW of 40, 25 and 23 kDa, respectively, appeared only in Giza-3 Orobanche attachment, while bands number 5 and 10 at MW of 38 and 29 kDa, respectively, were present only in Giza-843 Orobanche attachment. These bands may be considered as indication for Orobanche susceptibility and tolerance (Giza 3 and Giza 843), respectively.
The intensities of the 7 bands (the samples contained the same concentration of protein) were measured using gel documentation (Bio-Rad video densitometer Model 620), as indication for and gene expression as shown in Table ( 2) and diagrammed in Figures (5 and 6) . Table ( 2) and Figure (5) showed the up-regulation and down-regulation expression of certain proteins from roots of the sensitive cultivar Giza-3 comparing with control. Bands 3 and 5 exhibited normal expression at control, up-regulated expression without Orobanche attachment and with Orobanche attachment gave down-regulated, while the remained fragments showed down regulation both in Orobanche attachment and without Orobanche attachment. Table ( 2) and Figure (6) showed upregulation and down-regulated expression of certain proteins from roots of the tolerant cultivar Giza-843. Band 7 gave normal expression at control, down-regulated expression appeared at without Orobanche attachment and with Orobanche attachment exhibited up-regulated. Bands 5 and 6 showed no changes in expression in Giza 843, while the remained fragments showed up regulation in both without Orobanche attachment and with Orobanche attachment.
The previous results are similar to the results of Yehia et al. (2006) who reported that SDS-protein PAGE analysis were influenced by environmental and cultural conditions. Brito et al (2003) and Nature Publishing Group (2008) agreed with SDS-PAGE in presence of some differences in the protein profiles related to the infection. Also Kasarada et al. (1998) reported that SDS-PAGE was widely used to separate proteins which are directly related to genetic background and can be used to certify the genetic makeup of wild cultivars, or newly derived cereal plants.
Isozymes electrophoresis: Peroxidase banding patterns:
Peroxidases electrophoretic banding patterns among roots and shoots samples of the two faba bean cultivars Giza-3 and Giza-843 and their treatments by Orobanche crenata are shown in Figure (7) , while Table ( 3) shows the root data. A total number of eleven bands were characterized with three common bands (3, 8 and 9). There was no special bands in the susceptible cultivar Giza-3 (control and treatments), while four bands appeared in the treatment with Orobanche attachment of Giza-843; their number are 1, 2, 5 and 6. Figure (7) and Table (4) represent peroxidases electrophoretic banding patterns among shoot samples of the two faba bean cultivars; Giza-3 and Giza-843 with their treatments by Orobanche crenata. Seven bands discriminated the six samples, which were not necessarily present in all the treatments. Two bands only, number 1 and 2 appeared in the treatment of with Orobanche in the susceptible cultivar, Giza-3. These two bands may be considered as an indicator for Orobanche attachment in this cultivar. The previous results indicated that the infection by Orobanche produced more proteins in root than shoot which confirmed the presence of spatial regulation (gene root in-site expression).
The regulation of peroxidase gene(s) expression in root infected with Orobanche crenata comparing with control of the two cultivars are shown as diagramed in Figures (8 and 9) and Table (5). The results indicated that there are changes in the level of expression and this regulation was estimated by the bands density (O.D.). For cultivar Giza 3, bands (3, 4, 7, 8, 9, 10 and 11) showed none or normal expression at control, then up-regulation in without Orobanche attachment and down regulation in with Orobanche attachment treatment (Figure 9 B ) except band 4 which exhibited up-regulation in the two treatments. However, cultivar Giza 843 showed a normal expression at control for bands 3, 4, 7, 8 and 9 then changed to up-regulation in without and with Orobanche attachment treatment. At the same time, the other bands, 1, 2, 5, 6 and 11 were absent at control and at without Orobanche attachment treatment while showed up-regulation in with Orobanche attachment treatment (Figure 10 B) .
These results confirmed the effect of Orobanche infection on the peroxidase gene(s) expression of both Giza 3 and Giza 843. The expression were always up-regulated in Giza 843 (tolerant cultivar) and down regulated in Giza 3 (susceptible cultivar). These results are in agreement with Tarrad et al. (1993) who found that peroxidases activities increased by virus infection in contrast to the healthy leaf tissues of faba bean. These results were also in agreement with Pérez- De-Luque et al (2005) who confirmed that resistance is the result of several mechanisms acting at different stages of the infection process and it is also related to increase in the levels of peroxidases activity in host roots and also El-Badawy (2000) stated that the activities of peroxidase isozymes in the faba bean cultivar (Giza 402) for Botrytis faba infection were in general higher than that of the cultivar (Giza 461).
Polyphenoloxidase electrophoresis:
Polyphenoloxidase electrophoretic banding patterns in root and shoot samples of the two faba bean cultivars Giza 3 and Giza 843 after treatments by Orobanche crenata are present in Figure ( 10) and Table (6 and 7). The roots showed different banding pattern between the two cultivars and also between the control and treatments. A total of four bands characterized the two cultivars and their treatments. Bands 2 and 3 showed absence and presence, respectively, in Orobanche treatment (with attachment) of Giza 3, which could be used as an indicator for the susceptible cultivar. On the contrary, the shoot samples did not reveal any changes between susceptible and tolerant cultivars and also among control and Orobanche treatment infection (with and without attachment). The above results indicated that the effect of Orobanche on polyphenoloxidase was more in root than shoot, which means a presence of spatial regulation (gene root in-site expression). Figure (11) illustrate the regulation of gene expression in root samples; control and infected treatment by Orobanche crenata, which were estimated as bands intensity (O.D.) for the two cultivars. Band 1 in Giza 3 showed no expression in both control and with Orobanche attachment, while without Orobanche attachment showed up-regulated expression. Band 2 in Giza 3 showed normal expression in the control, while without Orobanche attachment showed upregulation and disappeared in with Orobanche attachment. Band 3 in with Orobanche attachment gave up-regulation, while exhibited no expression in both control and without Orobanche attachment. In Giza 843, bands 1 and 3 showed up-regulation in both without and with Orobanche attachment, while they exhibited normal expression in the control. Band 2 disappeared in Giza 843 Table ( These results confirmed the presence of up-regulation with Orobanche attachment in the susceptible cultivar which was consistent with Kirollos and Abdel-Hafeez (1985) who concluded that the increase in polyphenoloxidase (PPO) activity in the root and parasite may be due to the close connection between the host and the parasite. Moreover Yehia et al. (2006) suggested that electrophoretic analysis of isozymes is to be a good technique used to evaluate the effect of biotic stresses.
As a general conclusion, these results confirmed the possibility to evaluate the gene expression for Orobanche tolerance in faba bean using molecular genetics analyses which can be used successfully as marker assisted selection (MAS) in faba breeding programs. 
